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DEVELOPMENT  OF  A  HIGH-STRENGTH  STRESS- CORROSION-RESISTANT  ALLOY 

WITH  AN  AIZnMg  BASE 

Part  II:  Influence  of  Chemical  Composition  on  Artificial  Age-Harrlening 
and  Stress  Corrosion  of  High-Strength  AIZnMgCu  Alloys 

by 

W.  Rosenkranz,  Meinerzhagen 

Aluminium.  Vol  39  (1963),  No  12. 
pp  741-752 

The  experimental  results  described  in  Part  I  of  this  report  (Aluminium 
Vol  39  (1963),  No  5,  PP  290-297,  and  No  10,  pp  630-637)  demonstrated  that 
it  would  be  necessary  to  overcome  the  stress  corrosion  in  high-etrength 
alloys  of  the  AIZnMgCu  type  also  in  the  critical  vertical  direction  of  large 
extruded  bars.  It  was  found  that  the  "chrom;.,  effect"  in  the  aforementioned 
direction,  which  is  generally  considered  to  be  v.ry  favorable,  may  be  super¬ 
posed  or  even  made  ineffective  by  the  presence  of  lines  of  undissolved  inter- 
metallic  phases.  The  question  as  to  whether  in  this  connection  the  aluminide 
of  iron,  chromium  and  manganese,  or  a  copper-containing  phase  were  particularly 
harmful  could  not  yet  be  answered.  Worthy  of  note  was  the  very  good  behavior 
of  alloys  of  the  W-3^35  type,  in  which  the  usual  copper  additive  was  wholly 
or  partially  replaced  by  silver.  By  using  age-hardening  temperatures  of  above 
140°C,  the  stress  corrosion  would  be  eliminated  in  this  kind  of  alloys  also 
in  the  vertical  direction. 

These  results  were  the  starting  point  of  a  new  experimental  series 
with  seven  different  alloys,  having  the  chemical  compositions  shown  in  Table 
18.  They  were  supposed  to  give  an  answer  to  the  following  questions: 

1.  Influence  of  chemical  composition  on  course  of  age  hardening; 

2.  Static  strength  in  the  longitudinal  and  vertical  direction; 

3.  Streas-corrosion  behavior  in  the  vertical  direction;  and 

4.  General  stress-corrosion  behavior,  in  the  weathering  test,  of  T- 
aection  samples  which  have  been  bent  (i.e.,  subjected  to  strong  plastic  de¬ 
formation)  . 
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Using  slloy  A2,  And  According  to  th*  studies  of  Strawbridge,  Huzne- 
Rothery  And  Little  [17]  mentioned  in  PArt  I  of  this  "sport,  we  Attempted  to 
bring  the  largest  possible  amount  of  copper  into  solution  by  raising  the  Zn 
content  at  the  upper  tolerance  limit  of  Alloy  W  34 35*  as  well  as  by  re¬ 
duction  of  the  Mg  content  at  the  lower  tolerance  limit  of  the  same  alloy. 

The  same  objective  was  carried  out  with  alloy  Al;  however,  in  this  case, 
a  part  of  the  Cu  was  replaced  with  silver.  The  influence  of  strong  lines 
of  an  insoluble  iron-containing  phase  was  to  be  determined  by  means  of 
samples  of  alley  A3*  Alloy  A4  corresponds  approximately  to  the  prescription 
for  Vi  >35.  In  the  oase  of  alloys  A5  to  A7  we  have  to  do  with  alloys  of  type 
W  y<2 5  with  low  iron-  and  manganese  contents.  A5  exhibits  a  normal  Cu  content, 
A 6  an  increased  Cu  content,  while  in  the  case  of  A?  an  additional  silver 
component  is  provided. 

The  alloys  described  were  again  present  in  the  form  of  chill-cast 
blocks  having  diameters  of  }Q0  and  125  mm.  To  aohieve  different  proportions 
of  dissolved  aid  undisaolved  copper  in  the  final  state,  the  chemical  compo¬ 
sition.  was  varied,  and  in  addition  the  casting  was  subjected  to  different 
annealing  operations  prior  to  extrusion.  The  blocks  used  in  the  study  were 
subjected  to  one  of  the  following  preliminary  treatments:  a)  no  preliminary 
annealing;  b)  30  hours  at  440°C;  c)  16  hours  at  460°C  followed  by  14  hours 
at  480°C.  The  300-en  blocks  were  extruded,  under  co  ditions  already  used 
in  earlier  studies,  to  large  flat  rods  200  x  85  mm,  and  the  125-mm  blocks 
to  T-s actions  or  round  bars  of  15  mm  diameter. 

1.  Influence  of  Chemical  Composition  on  Course  of  Age  Hardening 

In  the  case  of  experiments  with  the  above-mentioned  15-sm  round  bars 
(block  homogenising  at  460-480°C),  a  uniform  solution  treatment  at  465° 
in  a  salt  bath  for  15  minutes  was  employed;  all  samples  were  quenched  in 
water  at  60°,  thus  at  a  temperature  which  is  possible  under  plant-operation 
conditions  without  any  risk  of  causing  lower  strength  in  certain  semi- 
finished  products.  The  duration  of  storage  at  room  temperature  between 
quenching  of  +he  samples  and  the  start  of  age-hardening  was  1.5  hours  to 
61  days.  The  age  hardening  proper  was  carried  out  in  liquid  baths  at  100, 

120,  140,  160  and  180°C.  The  result  of  these  experiments  for  alloys  Al,  A2, 

A5  and  A7  are  contained  in  Figs  16  to  19* 

These  data  demonstrate  the  well-known  fact  that  the  tensile  strength 
and  the  elastic  limit  beoome  lower  as  the  age-hardening  temperature  in¬ 
creases,  while  the  strain  at  failure  increases  a  little.  The  overaging, 
i.e.,  the  lowering  of  tensile  strength  and  elastic  limit,  occurs  earlier 
the  hign*!jr  the  age-hardening  temperature.  In  addition  to  these  normal  facts 
the  data  further  reveal  that  the  magnitude  of  age-hardening  in  the  case  of 
the  two  lower  temperatures,  100  and  120°,  in  the  four  alloys  represented  is 
either  independent  of  the  room  temperature,  or  is  dependent  on  it  only  to  a 
very  subordinate  extent.  At  higher  age-hardening  temperatures  (140-180°C), 
however,  there  exists  —  as  shown  In  the  figures  for  the  two  Ag-free  alloys 
A 2  and  A5  —  a  considerable  region  of  dispersion  of  the  values  of  elastic 
limit  and  tensile  strength.  In  senorel  one  may  say  at  first  that  the  values 
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of  the  lower  limit  of  this  spread  are  attained  In  the  case  of  age  hardening 
following  immediately  after  quenching,  and  the  upper  limit  in  the  case  of 
a  ge  hardening  after  storing  at  room  temperature  for  61  days.  Bv  comparing 
Fig.  17  and  18  with  Figs  16  and  19  it  Is  possible  to  ascertain  a  very  narked 
effect  of  the  silver  addition.  This  effect  consists  in  the  fact  that  the  known 
spread  found  only  in  copper-containing  alloys  A2  and  A5  (also  A3.  A4  and  A6) 
which  is  a  consequence  of  different  periods  of  storing  at  room  temperature, 
disappears  at  high  age-hardening  temperatures. 

Table  18.  Chemical  Composition  of  the  Alloys  Investigated,  in  Percent. 
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160°C  (see  Figs.  16  to 

19)  are  again  drawn  individually  in  order  to  show  that  quite  marked  differences 
in  the  values  come  about  even  by  adhering  to  a  given  duration  of  storing  at 
room  temperature  —  above  all  in  the  region  of  the  age-hardening  times  used 
in  actual  practice,  up  to  10  hours,  whose  cause  lies  in  an  age-hardening 
mechanism  present  in  these  alloys  which  is  not  yet  fully  understood.  As  can 
be  so-'-  from  Figs.  20  and  23,  these  differences,  too,  are  decreased  to  a 
practical ly  insignificant  level  by  an  addition  of  sliver. 

A  further  evaluation  of  the  experiments  Involved  the  lowering  of  the 
maximum  tensile-strength-  and  elastic-limit  values  In  the  cause  of  rising 
age-hardening  temperatures .  According  to  the  investigation  of  l.J.  Palmear 
[o]  in  whioh,  in  accordance  with  the  presentation  made  in  the  work  cited,  the 
Ag-free  and  Ag-contalning  samples  to  be  tested  were  age-hardened  immediately 
after  quenching,  one  of  the  advantages  of  the  addition  of  Ag  is  in  the  re¬ 
duction  of  the  decrease  of  strength  in  the  case  of  high  age-hardening  temper¬ 
atures  which  have  been  found  to  be  very  favorable  for  stress-corrosion  be¬ 
havior.  As  is  shown  by  the  practical  evaluation  of  the  experiments  in  Figs. 

24a  and  24b,  this  effect  of  the  Ag  addition  is  very  great  in  the  case  of  age 
hardening  begun  immediately  after  quenching;  as  the  length  of  the  intermediate 
storage  at  room  temperature  inereasee  it  becomes  smaller  —  the  extent  of 
decrease  varying  with  the  different  alloys  — ,  so  that,  in  the  case  of  61 
days1  storage  there  ere  no  large  differences  with  respect  to  the  Ag-free 
alloya.lt  is  worth  noting  that  this  equalisation  of  the  strength  value#  take# 
place  in  the  following  manner:  They  are  displaced  by  the  Ag  addition  also  in 
the  case  of  an  immediate  age  hardening  to  e  high  value  which  in  the  ceae  of 
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Ag-frss  alloys  oan  bo  attained  only  upon  age  hardening  after  long  periods 
of  prellainary  storage  at  rooa  temperature.  The  described  effects  of  the  Ag 
addition  which  cannot  as  yet  be  satisfactorily  explained,  are  of  consider¬ 
able  practical  lmportanca,  since  they  pemit  age-hardening  at  high  temper¬ 
atures  to  any  desired  length  of  time  after  quenching  without  thereby 
causing  any  aarked  dispersions  and  decreases  of  the  strength  values  attained. 

As  was  shown  by  coaparative  experiments  with  the  Ag-free  alloy  A5 
and  Ag-contalning  alloy  A7,  the  Ag  addition  eliminates  the  influence  of 
storage  at  room  teaperature  on  the  strength  properties  attainable  at  high 
age-hardening  temperatures  also  in  the  case  of  a  recrystallised  structure 
brought  about  through  strong  drawing  of  the  rods  prior  to  solution  treatment. 

These  ssae  experiments  enable  one  to  aake  another,  apparently  very 
important  observation,  namely  that  in  the  presence  of  the  press  effect, 
high  age- hardening  temperatures  cause  a  considerably  greater  contraction 
of  the  tensile-strength  speciaens  than  lower  tempera tures .  Table  19  contains 
the  strength  properties  inoluding  the  measured  reduction  of  a^ea  at  break, 
taken  from  the  age-hardening  curves;  in  principle  these  properties  are  of 
the  ssae  order  of  magnitude  for  all  alloys  tested. 

In  addition  to  the  effects  of  the  elimination  of  the  press  effect 
in  drawn  rods  which  consist,  as  is  well  known,  in  a  decrees*  of  strength 
and  elastic  limit  as  well  as  an  increase  in  strain  at  break  and  reduction 
of  area,  one  can  derive  from  the  above  data  the  following: 

a)  The  reduction  in  area  at  break,  which  may  be  considered  a  measure 
of  the  deformation  ability  of  a  material  [16]  remains  more  or  less  constant 
in  the  case  of  samples  which  were  only  stored  at  rooa  teaperature  and 
those  which  were  age-hardened  at  100°  (valid  up  to  about  1 25°),  although 

at  100°  the  elastio  limit  and  strength  rise  considerably.  In  reality, 
however,  in  the  presence  of  the  press  effect  to  whioh  particular  attention 
should  be  paid,  no  area  reduction  in  the  r  -oper  sense  of  the  term  takes 
plaoe,  only  a  cross-section  reduction  caused  by  a  proportional  expansion. 

b)  The  reduction  of  cross  ssction,  linked  with  s  very  genuine  re¬ 
duction  of  the  ares  at  break,  ia  increased  more  than  twofold  in  the  presence 
of  the  press  effeot  by  increasing  the  age-hardening  tmaperature  to  l60°C. 

c)  An  increase  of  area  reduction  at  break  of  about  the  same  order  of 
magnitude  is  aohieved  also  by  s  full  or  partlsl  elimination  of  the  press 
effeot. 


d)  In  the  absence  of  the  press  sffsot  the  area  reduction  at  break, 
caused  by  sgs  hardening  st  160°C,  is  even  further  increased  when  compared 
with  100® C. 

e)  The  view  that  the  elsstio  limit  is  s  measure  of  the  brittleness 
of  s  material  is  only  valid  when  no  reduction  of  area  at  failure  ia  present. 
Whan  one  considers  the  so-called  “true  stress,*  that  is,  idieo  ode  relates 
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the  load  present  In  a  tensile-strength  experiment  to  tne  individual  sample 
cross  section,  then  the  elastic  limit  calculated  under  these  conditions 
is  more  favorable  at  160° C  than  at  100°C,  particularly  when  the  press 
effect  is  present. 

f)  The  lowering  of  the  elastic  limit  at  ltO''lC  vs  J00°C  takes  place 
in  this  case  only  in  the  Ag-frae  alley,  as  was  already  described  above, 
and  only  in  the  presence  of  the  press  effect,  while  in  the  case  of  a 
recrystalliiation  texture  no  lowering  of  the  elastic  limit  values  is 
recorded. 

The  above  observations  point  to  the  fact  that  the  age-hardening 
prooesses  occurring  at  temperatures  between  room  temperature  and  about 
125°C  are  dependent  on  the  direction,  that  is,  that  in  ti  e  pr«u>.  i.<  •  c.f 
a  press  effect  structure  they  take  place  to  a  greater  extent  in  the  longi¬ 
tudinal-  than  in  the  transverse  direction. 


Above  the  mentioned  temperature  limit  another  direction-independent 
age-hardening  mechanism  sets  in,  one  that  has  a  marked  structural  difference 
for  consequence,  as  was  described  in  Part  I  of  this  report;  it  also  leads 
to  a  notably  great  increase  of  the  area  reduction  at  break,  that  is,  a 
higher  plasticity  of  the  material.  It  is  certain  that  this  favorable  effect 
of  the  high  age-hardening  temperature,  which  is  to  be  discussed  in  greater 
detail  after  the  conclusion  of  a  series  of  experiments  still  in  progress, 
is  Identical  with  experimental  results  described  by  H.  Richter  and  3. 
Wasseraann  [18]  for  AlCuMg  alloys.  It  wa*»  to  be  assumed  that  the  greater 
plasticity  achieved  through  high  artificial  age-hardening  temperatures  would 
play  an  important  role  with  reference  to  the  stress-corrosion  behavior  of 
the  material  in  question. 

2.  Stress-Corrosion  Experiments  with  Forked  Jauples  of  Kxtruded  Flat  200x65 
mm  Rods  in  0.01  N  HC1  Solution 


Since  the  stress-corrosion  behavior  is  most  unfavorable  in  the 
vertical  direction,  the  Investigations  described  below  were  limited  to 
forked  samples  taken  in  this  direction,  according  to  Figs  ?  and  3  of  Part  I 
of  this  report,  from  the  nuclear  and  rim  structures  of  the  rods.  Tne  heat 

m  jg^ejaithod  descried.  \T[  .  , 
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Fla*  16 ,  Effect  of  Storage  at  Room  Temperature  cr.  the  Age  hardening  of  Ag- 
Coataining  Alloy  A1  at  Age-Hardening  Temperatures  of  100,  120,  140,  1(0,  180°C 


Flail?.  Effect  of  Storage  at  Room  Temperature  on  the  Age  Hardening  of  Ag- 
Pree  Alloy  A2  at  Age-Hardening  Temperatures  of  100,  120,  140,  160,  180°C. 

Fig, 13.  Effect  of  Storage  at  Room  Temperature  on  the  Age  Hardening  of  Ag » 

Free  Alloy  A5  at  Age-Hardening  Temperatures  of  100,  120,  14C,  160,  180°C. 
tUUSU  of  Storage  at  Room  Temperature  on  the  Age  Hardening  of  Ag- 

Contalalng  Alloy  A?  at  Age-Hardening  Temperatures  of  10C,  12C,  140,  160,  180°C. 
Kfjt  1)  Age-Hardening  Temperature;  2)  Length  of  Storage  at  Room  Temperature; 

3)  Hmranees;  4)  Time  in  Hours;  Std  *  Hours;  Tg  =  Days.] 
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part  1  of  this  report.  The  solution  treatment  lasted  15  minutes  at  465°C 
in  the  salt  bath;  the  quenching  water  had  a  uniform  temperature  of  60°C; 
after  10*14  days'  storing  at  room  temperature  the  samples  were  age* 
hardened  in  liquid  baths  at  120°  and  160°C.  In  establishing  the  duration 
of  age-hardening  it  was  attempted,  on  the  basis  of  suitable  preliminary 
experiments,  to  attain,  as  much  as  possible,  equal  strength  properties 
in  the  longitudinal  direction  of  the  nuclear  structure.  This  attempt  has 
been  thoroughly  successful,  as  shown  by  ths  graphs  of  Figs  25a  and  26a, 
which  includs,  in  addition  to  ths  longitudinal  values,  also  ths  values 
for  ths  vertical  direction,  investigated  for  stress  corrosion.  Only  alloy 
A7  gives  somewhat  lower  strengths  at  120  and  160  C,  as  was  assumed  already 
from  the  above-mentioned  results  of  ths  preliminary  experiments;  ths  values 
of  alloy  A2  compared  with  ths  Ag-containing  alloy  A1  ere  s  little  lower 
only  at  160°C,  for  reasons  which  Levs  been  discussed  above. 

Table  20  below  contains  ths  sgm-hardsning  times  employed  with 
ths  different  pretreated  samples.  Ths  average  life  durations  of  5  forked 
samples  are  to  be  taken  f~om  Figs.  25b  end  26b,  for  120  end  160<>C, 
respectively. 

Table  19*  Strength  Values  of  Pressed  end  Drawn  Rods  of  Alloys  A5  end  A7 

Age-Hardening :  s)  20  days  cold-hardened;  b)  20  days  cold-hsrdsnsd,  48  hra 
at  100°C;  c)  20  days  cold-hardened;  6  hours  at  160°C. 
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1)  Alloy  2)  Stats  of  Deforms tion  3)  Age-Hardening  State  4)  Tensile 
Strength  5)  Elongation  at  Break  6)  Reduction  of  Aree  at  Break  7)  Pressed 
8)  Drawn  9)  Cold  10)  £l*stlc  Limit 

Ths  following  results  wars  obtained: 

s)  Ths  statio  strength  values  play  only  a  quits  subordinate  role  in 
ths  invsstigstsd  alloy  group,  compared  with  ths  differences  in  chemical 


10 


composition  and  texture.  The  attempt  to  establish  a  life  duration  vs. 
tensile  strength-,  or  a  life-duration  vs  elastic  limit  curve  falls  because 
of  the  overwhelming  Influence  of  the  other  factors.  The  sane  holds  true 
for  the  elongation  at  failure  which  is  reduced  in  the  vertical  direction 
in  alloy  A )  by  strong  FeAl^  bands,  and  especially  in  the  case  of  alloy  A6 
by  residues  of  an  undlssolved  Cu-contalning  phase;  while  the  FeAlo  bands 
produce  no  noteworthy  lowering  of  the  life  expectancy  which  is  particularly 
great  in  the  case  of  the  presence  of  residues  of  the  Cu-containing  phase. 

Table  20.  Data  Regarding  the  Type  of  Age  Hardening  of  the  Different  Pre- 

Treated  Samples 

LegiCfung  fce<  120°C 

m  h 

S-  «• 

A  1  R 

A  2  « 

A  ) 

A  4  S 

A  5  8 

A  6  8 

A  >  8 

1)  Alloy  2)  st  120°C,  hours  3)  at  160°C,  hours. 


b)  It  is  possible  to  attain  s  practically  complete  elimination  of 
the  susceptibility  to  stress  corrosion  in  alloys  A1  to  A4  —  particularly 
in  the  critical  vertical  direction  of  the  nuclear  and  rim  temperatures  — 
by  age  hardening  at  160°C,  when  the  strength  values  ere  about  the  same. 

c)  The  markedly  favorable  effect  of  e  combines  Cu-Ag  addition 

is  noted  also  in  this  caae,  as  was  observed  in  the  results  described  in 
Part  I  of  this  report.  At  any  event  it  is  noticeable  only  in  those  alloys 
or  states  which  are  not  characterised  by  long  life  duration  for  other 
reasons.  In  all  those  cases  It  can  be  seen  that  the  two  CuAg- containing 
alloys  A1  and  A?  give  the  most  favorable  results. By  comparing  the  two 
alloys  A1  and  A2,  the  slight  drop  in  strength  st  160°  in  the  longitudinal 
and  vertical  direction  caused  by  the  Ag  addition  is  again  noticed,  as  has 
already  been  described  in  another  connection. 

d)  Alloys  A1  to  A4,  exhibiting  e  higher  Zn-  rasp,  Cu  content  but  e 
lower  Mg  content,  behave  better  in  a  vertical-direction  test  than  alloys 
A5  to  A?  with  a  lower  Zn  content  but  e  higher  Mg  content.  Particularly  un¬ 
favorable  is  alloy  A6  in  which  no  solubility  exists  for  the  relatively 
high  proportion  of  copper,  due  to  the  high  Mg  content.  The  tendency  that 
the  stress-corrosion  behavior  is  improved  by  an  as  high  proportion  of 
soluble  copper  as  possible,  but  that  residues  of  undlssolved  primary  Cu 
phase  have  a  very  unfavorable  effect,  is  observed  upon  compering  the  dif¬ 
ferent  alloys,  in  agreement  with  the  above-  mentioned  studiee  [17]  on  the 
solubility  of  Cu  In  AlZnMg  alloys;  the  same  holds  true  in  this  regard  for 
the  two  preliminary  annealing  temperatures  of  M»0°  and  A80°C,  used  for  the 
blocks . 


■  c  160'5C 

n  h 


11 


Fig.  20  Fig. 21 


Figs.  20  and  21:  Offset  of  Storing  st  Room  Tmiperature  on  tho  Course  of 
Age  Hardenlifg  of  (Fig .20)  Silver-Containing  Alloy  A1  (Fig  21)  Silver* 

Free  Alloy  A2;  Age-Hardening  Temperature  in  both  cases  160°C.  1)  Time 
in  Hours  2)  Storing  at  Room  Temperature;  Std»  Hours;  Tg  *  Days. 

e)  It  was  found  that  the  stress-corrosion  behavior  is  only 
slightly  Impaired  by  the  heavy  FaAl3  bands  present  in  alloy  A3. 

3*  Stress-Corrosion  Sxperlments  with  °ent  T-Sec«.ions  in  Weathering 

The  extruded  blocks  of  125  an  diameter  from  alloys  A1  through  A7 
used  in  these  experiments*  were  heated  prior  to  extrusion  as  follows: 

a)  No  preliminary  annealing, 

b)  30  hours  at  440°, 

c)  16  hours  at  460°C,  14  hours  at  460°C. 

They  were  pressed  into  T-a notions  under  the  conditions  described  in  Part  I 
of  this  report,  annealed  for  15  minutes  at  465*C  in  a  salt  bath,  and 
quenched  la  water  at  60°.  The  age-hardening  was  carried  out  at  120°  and 
160°  following  a  period  of  10  to  14  dayaat  room  temperature.  In  order 
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Pig. 22  Fig. 23 

Figa.  22  and  23:  Effect  of  Storing  at  Room  Temperature  on  tha  Course  of 
Age  Hardening  of  (Fig. 22)  Silver-Free  Alloy  A5  (Fig. 23)  Silver-Containing 
Alloy  A?;  Age-Hardening  Temperature  in  both  cases  160°C.  1)  Tina  in  Hours; 
2)  Storing  at  Rooa  Temperature;  Std  =  Hours;  Tg  ■  Days. 


to  achieve  the  saao  stresses  in  tha  stress-corrosion  testa*  tha  duration 
of  age-hardening  was  again  chosen  in  such  a  manner  that  the  saaples  of 
the  different  alloys,  and  the  states,  vara  characterised  by  approximately 
Identical  strength  properties.  As  rhovn  by  the  graphs  of  Figs.  2?  and  28, 
this  ala  was  achieved  to  a  great  extant;  in  Individual  cases,  however, 
no  agreeaent  of  tha  valuaa  i*  possible  due  to  reasons  which  will. not  be 
discussed  here  any  further;  this  circumstance,  however,  plays  a/roll  also 
in  this  ossa  ,  as  in  that  of  tha  experiments  with  forked  saaples  Just 
described.  After  age  hardening  the  sections  were  bent  by  8°  around  the  wet 
thus  subjected  to  a  strong  plastic  deformation,  and  exposed  to  the  weather 
ing  teat  in  this  aUte;  hare  wa  have  to  do  with  a  very  sharp  stre«s- 
oorroslon  teat  which  has  already  bean  described  in  great  detail  elaewhere 

L5L - - - — - 

[For  oaptior  to  Figs.  24*  and  24b  on  next  page,  see  top  of  p  15 • 1 
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Figs.  24a  and  24b:  £ffect  of  Storing  at  Room  Temperature  on  the  Age 
Hardening  of  Different  Alloys  of  the  AIZnMg  Type.  1)  Temperature  cf 
Tempering  2)  Storing  at  Room  Temperature  Leg.  =  Alloy;  Std.  =  Hours; 
Tg.  *  Days. 


The  average  life  duration  of  5  samples  is  represented  in  tne  lower 
part  of  Figs  27  and  26.  Tne  experimental  results  obtained  in  the  weather¬ 
ing  test  practically  agrees  with  the  results  obtained  with  forked  samples 
from  large  experimental  flat  rods.  Here,  too,  we  succeeded  under  the  chos 
conditions  for  a  whole  series  of  alloys  reap,  states,  to  eliminate  th* 
stress  corrosion,  above  all  after  plastic  deformation  of  the  age-hardened 
state.  Particularly  great  effects  could  be  obtained  by  means  of  high 
age-hardening  temperatures,  with  the  combined  addition  of  Cu  and  Al,  as 
well  as  by  avoiding  a  high  Mg  content  which  decreases  the  solubility  of 
copper.  By  using  the  critical  but  heretofore  quite  usual  age-hardening 
temperature  of  120°  the  favorable  effect  of  silver  is  clearly  observable 
in  the  case  of  both  alloys  Al  and  A?.  To  be  noted,  in  addition,  is  the 
fact  that  the  sections  from  non-pre-annealed  cast  rods  behave  worse  In 
the  case  of  an  age-hardening  at  120°  than  those  made  of  pre-annealed 
casting.  This  is  to  be  attributed  above  all  to  the  greater  tendency  cf 
such  sections  during  inductive  heating  to  recrystalllt&tion  during  the 
solution  treatment. 

To  conclude  this  second  part  of  the  report  we  would  like  to  say 
a  few  words  on  the  testing  method  employed  in  the  experiments  descried. 
The  forked  sample  permits  the  testing  of  a  large  number  of  alloys  and 
states,  particularly  the  dependence  on  direction  »n  heat-deformed  semi¬ 
finished  products,  using  simple  means.  The  disadvantage  lately  attracted 
to  this  test,  to  wit,  that  it  does  not  allow  the  testitig  of  a  defined 
stress  state,  can  be  eliminated  ty  the  oreaticn  of  nearly  equal  strength 
values  to  such  a  great  extent  that  the  load  differences  still  occurring 
have  a  completely  subordinate  significance  in  comparison  with  ether 
factors  which  have  an  Influence  on  stress  corrosion;  the  accuracy  of 
this  view  la  clearly  expressed  by  the  experimental  results  communicated. 
The  same  can  be  aaid  also  about  the  testing  of  tent  T-se.'tic;.-  . 

i i-m, 

Fi  i  j  i  of  of  the  correctness  o:  the  view  represented  we  woul.s  .1*  e 
to  communicate  a  few  experimental  results  oltair.  *d  in  the  weathering 
test  with  a  large  nunbor  of  samples  with  a  infinite  stress.  Here  we  have 
to  do  with  the  so-called  ring  samples  taken  from  thiex-walled,  extrude*! 
pipes:  such  a  sample  is  shown  in  Tig.T9.  It  has  b^«n  used  for  quite  some 
time  for  production  control.  Tne  results  of  this  aaapl*  fully  agree  with 
those  deacribed  in  the  previous  ref>ort.  In  the  case  of  the  first  experi¬ 
ment  to  be  described  here  the  piper.,  112  x  ;0  mm,  were  of  an  alloy  of 
type  W-3^25.  After  solution  treatment  at  4-  5°y  they  were  ;uen:hed  in 
water  and  then  age  hardened,  partly  for  12  hours  at  12C°;  and  partly  for 
4  hours  at  145°J.  *roa  the  diff  jront  pressed  pipe*  present  lr.  the  two 
different  states  ten  samples  each  were  taken;  on  th«  ring  sample  age- 


lb 


J 


1  r. 

c 

4  “ 

• 

r> 

o  • 

J  " 

j  * 

c 

-H  O 

># 

PO 

j  ^ 

i 

t>  o 

H  '■* 

Cl 

Tj 

®  MJ 

J  » 

C.  , 

«  ) 

<* 

>4  rH 

J  P 

1  *o 

o 

S  ® 

h 

1  u“» 

•# 

fH  3 

1 

4  *> 

] 

k 

O  4 

•ri  U 

J 

1' 

j 

-j 


k 


*> 

u 

© 

> 

TJ 

C 

4 

H 

3 


©  • 

0,4-1 

8u^ 
<\i 
4J 

T> 

ff  5 

■a 


* 

CM 


Fj: 

% 

<ri  Ut 

o 

T1  4  • 

“* ; 

J 

? 

•j 

a  n:  w 

■ 

*>  1  no 

J  * 

c. 

•r-i  <a  -ri 

■H 

j 

tj>  MU. 

u 

H 

c  •< 

3 

o 

q  © 

M  ••  0) 

* ,  fi 

t  «  j 

«.>  * 

7  <■) 

r>  o 

» 

s 

j 

o  * 

n 

o  < 

•jVOucmj 


O 

•*-> 


c> 

t»: 


r 


I  J- 

o 

© 

« 

© 

3 

O 

V)  fj. 

5% 

*f 

i  4< 

►  H  «. 

rH 

o  • 

4  * 

+ 

4 

rH  ""  ' 

c*, 

4 

c 

> 

rH  l> 

4 

4  C' 

c» 

t 

<  *> 

1 

J  * 

4 

-C 

tf, 

, 

.> 

I  •  i 

■O 

bo 

•  <T 

fi  *“4 

!  |* 

o' 

c 

R 

■s\ 

'  u> 

i") 

* 

V- 

© 

VT\ 

u  w\ 

**  IT)  «. . 


.  .  ...  T 


:"r’ 


*  '  N 


A  2 

•  !*) 


• 

O 

CO  O 

K 

V* 

•  •  (J) 

.O  O  U) 

» 

*> 

L 

O  4 

-  ' 

»/> 

Ti 

rj  (nj  o 

i 

•r 

r 

© 

t 

•*\ 

w 

o  c 

TJ  *1  > 

i. 

•i 

C  b  < 

,  t 

V  * 

n  *i  •  | 

4  « 

.'li  •• 

,  f 

f 

4  XJ 

i  | 

U> 

V* 

4  3 

o 

c 

s  . 

vO  ♦>  'O 
CM  <  N 

♦ 

! 

■* 

on 

p*  ' 

«  t4 

. 

J* 

M 

jh  <;h  u. 

o  ■ — ' 

* 

'  ■ 

P 

? 

-J 

•4. 

j 

o 

f*i> 


«>  o»  •*-*>«>  * 

/%;  /> 


17 


18 


Fig.27:  Strength  Values  and  Ufa  Durations  Fig. 28.  Strength  Values  and  Life 

of  Bent  T-Sectlons  In  Weathering;  Age-  Durations  of  Bent  T-Sections  in  Weathering; 

Hardening  Temperature  120°C.  1)  Casting  Age-Hardening  Temperature  160°C.  For  Key, 

Annealing;  2)  Days;  3)  None;  4)  Alloy  806  Fig.  27*  5)  At 


hardened  At  1^5°G  we  deierained  ih®  Imd  At  which  a  plastic  defamation 
•at  in,  and  than  all  staples  ware  subject ad  in  tha  aana  aaanar  to  a 
•traa*  saounting  to  3#  of  this  load*  Tha  static  strength  values  ©f  tha 
two  staple  groups  in  tha  Longitudinal  direction,  end  tha  llfa  durations 
of  tha  ring  staples  era  -sawerisad  in  Tabla  21, 


/ 


/ 

/ 

/ 

/ 


c 
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Pig .29*  King  Staple  Prow  a  Tbick*WalX«d  intruded  Pipe 

Again  it  oan  ba  seen  tnm  thasa  result??  that  tha  effact  of  hlgh- 
tge-hardenlng  tanparaturaa  la  very  favorable .  Giro  up  B  does  not  exhibit 
any  braak  after  1275  days,  despite  tha  fact  that  these  staples  wars 
•trass  ad  with  SO#  of  tha  alas  tic  Halt,  while  tha  stressing  of  the 
staple*  of  Group  A  with  an  average  llfa  duration  of  371  days  consisted 
of  only  about  55#  of  tha  elastic  licit*  Tha  described  method  of  carrying 
out  the  axpariaent  —  !•«,*  the  saas  stressing  of  both  groups  of  staples 
despite  actually  existing*  different  elastic-limit  values  —  was  chosen 
for  tha  reason  that  the  construction  engineer  bases  hi*  calculations  not 
on  the  attained  or  attainable  values  but  the  guaranteed  values. 


Table  21:  Sxperiaent  1  Results  with  Ring  Staples  froa  >  3^25,  in  Weathering 


Grw/>$# 

Warm  iu»- 

f  et*>gk  ei»»*verf*  1 

flruc  ►  oq:  h 

M.tf  t*r§ 

hQrfcng 

lo^gtr 

T  age* 

lebem- 

'ft 

!>  ? 

'S 

d 

dousr 

- 

k p  mm 

*  k  p  mm’ 

1  n  T  agen 

A 

12  h  1J0*C 

60  0 

S4  6 

•»o 

200  240 

2  yQ 

IM 

300  360 

*20 

4 

54  4 

10 

480  480 

480 

480 

fi 

4  h  14VC 

SJ  S 

46  2 

1 1 

kr.n  8  1 

(  ^ 

U?5 

Si  1 

4f  4 

1 1 

t 

1)  Group  2)  Age-Hardening  3)  Strength  Values  in  longitudinal  Direction 
4)  Break  after  •*..  Days  5)  Average  life  Duration  in  Days  6)  Ho 
Break 
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In  the  suae  aanner  we  used  ring  staples  of  pipes  of  the  above- 
aenticned  alloys  Al,  A2  and  A5.  The  pipes  made  of  alloy  A5  exhibited, 
after  age-hardening  at  120°C,  elastic- Halt  values  of  about  50  kp/mm  ; 
those  aade  of  alloys  Al  and  A2,  after  age-hardening  at  170°C,  about 
45  kp /nr.  After  an  experiaental  period  of  270  days  —  up  to  the  time 
of  writing  —  about  6056  of  all  staples  of  alloy  A5»  which  had  been 
stressed  with  S0£  of  the  elastic  limit  of  Al  and  A2,  are  broken,  while 
in  the  saaples  of  alloys  Al  and  A2  no  break  has  as  yet  occurred. 

Suaaary 


The  experiaents  described  in  Parts  I  and  II  of  this  report, 
relating  particularly  to  the  stress-corrosion  behavior  of  extruded 
sections  of  greater  or  lesser  diaens ions, aade  of  high-strength  AIZnMgCu 
alloys  in  sn  acid  corrosion  aediua  (0.01  N  HC1)  and  in  the  ataosphere, 
have  first  led  to  the  result  that  there  exists  in  the  "fine-grain  tone" 
at  the  edge  a  considerably  snail er  dependence  of  the  life  duration  of 
the  ssaple  on  direction  than  in  the  "nuclear  structures"  stressod  with 
the  press  effect.  The  durability  of  the  fork  saaples  in  the  very  orltical 
vertical  direction  was  very  small;  as  aay  be  seen  fro*  Tables  9  through 
11.  The  addition  of  chroaiun  which  otherwise  has  such  a  favorable  effect 
on  the  stress-corrosion  behsvior  has  no  noteworthy  laproving  effect. 

It  was  found  that  residues  of  en  undissolved  Cu-contalnlng  phase  covor 
up  and,  nearly  Inactivate  the  "chroaiua  effect"  while  FeAlo  bands  have  a 
surprisingly  sasll  effect.  By  accurate  adjustment  of  the  in.  Mg,  and  Cu 
components  of  the  alloy  as  well  ss  by  aeans  of  homogenisation  of  the 
casting  w'lcL  which  brings  the  copper  present  to  complete  solution 
the  "chroaiua  effect"  asy  be  made  to  exert  its  full  actirity  also  in 
tbs  vertical  direction  of  the  nuclear  structure;  in  these  measures  the 
magnitude  of  the  aagneslua  content  which  has  a  particularly  injurious 
effect  on  the  solubility  of  Cu  acquires  a  very  great  significance. 

A  greater  certainty  is  assured  when  a  part  of  the  copper  is  replaced 
with  silver,  since  the  solubility  of  silver  is  not  reduced  ss  strongly 
by  aagneslua  as  that  of  copper.  By  resorting  to  this  type  of  measure 
the  possibility  is  oreated  for  setting  the  magnesium  content,  which 
improves  the  static  and  dynamic  properties  of  the  alloy, to  such  a  level 
that  no  deterioration  in  these  properties  sets  in  compared,  e.g.  with 
those  of  material  W  3*05  • 

Under  the  preconditions  described  above  we  may  consider  the  problem 
of  stress  corrosion  of  alloys  of  the  AIZnMg  type,  when  using  age-hardening 
temperature,  between  l40°-170°C,as  practically  solved  also  for  the 
critical  vertical  direction.  Further,  the  Intentional  and  unintentional 
plastic  deformations  in  the  age-hardened  state,  which  have  so  far  been 
rightly  judged  to  be  very  orltical,  are  also  to  be  considered,  on  the 
bests  of  the  suggestions  aade,  as  substantially  less  risky  in  their 
effects,  ss  was  shown  by  the  experiaents  with  bent  T-secticns. 

In  addition  to  the  lMiedlately  favorable  effect  on  the  stress- 
corrosion  behavior,  produced  by  the  addition  of  silver,  the  latter  has 
two  other  advantages: 
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On*  consists  in  the  fact  that  it  markedly  retards  the  lowering 
of  the  static  strength  values  occurring  with  increasing  age-hardening 
temperatures,  when  the  usual  periods  of  storage  at  room  temperature  are 
employed  between  quenching  and  age-hardening,  and  that  in  this  indirect 
manner  it  contributes  to  the  elimination  of  stress  corrosion  by  making  it 
po&.  .ble  to  use  higher  age-hardening  temperatures. 

The  second  advantage  of  the  addition  of  silver  consists  in  the 
fact,  important  for  the  manufacturing  process,  that  the  influence  of 
the  duration  of  storing  at  room  temperature  on  the  values  attainable 
through  age  hardening,  present  in  silver-free  A17n'-'  Cu  alloys,  are 
eliminated.  This  means  that  the  hitherto  customary  periods  of  storage 
at  room  temperature  may  be  abolished,  and  that  dispersion  effects  brought 
about  as  a  function  of  tha  length  of  age-hardening  due  tc  the  not  readily 
understandable  overlapping  of  different  age-hardening  mechanisms,  are 
also  prevented. 
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